The environmental impacts of the Kabd Landfill on the soil and groundwater in Kuwait were evaluated. Physical and chemical analyses were carried out on thirty pairs of surface, subsurface soil and five groundwater samples. The groundwater samples are collected from boreholes nearby and downstream of the landfill while the soil samples collected along six profiles. The groundwater samples were geochemically analyzed to determine the total dissolved solids, cations, anions and heavy metals, particularly Iron (Fe), Copper (Cu), zinc (Zn), Cadmium (Cd), Nickel (Ni), Chromium (Cr) and Aluminum (Al), Lithium (Li), Boron (B), Fluoride (F) and Vanadium (V). The soil samples were geochemically analyzed to determine concentration of Cadmium (Cd), Lead (Pb), Nickel (Ni), Iron (Fe), Aluminum (Al) and organics. The results show that the soil and groundwater are contaminated with high TDS, Na, Ca, Mg, Cl, SO 4 and heavy metals, especially Ni, Cd, Cu, Al, V and F. The heavy metal concentrations in both the soil and groundwater samples are compared to the World Health Organization (WHO) standard permissible limits. The results revealed that the Zn, Li, B and Fe metals are below the WHO limits for consumption. The soil lithology, natures of dumping, the depth of quarry and the depth to the groundwater level play roles in leachate generation and groundwater contaminations. Such leachate may be originated from the capillary fringe water, moisture content and rising water table, due to its close level at the bottom of the waste disposal site. The organic strength of the soil was reduced due to waste decomposition and continuous gas flaring. Re-designing of sanitary landfills to prevent leachate from getting to the groundwater and adoption of clean technology for a sustainable land management program for reclamation is recommended.
Introduction
The state of Kuwait is situated at the northeastern corner of the Arabian Peninsula. It comprises an area of approximately 17,600 km receive again different solid and household wastes.
The closure of the waste-dump does not imply the absence of environmental risks. It might be possible that even when sealed, a landfill might contaminate the soils and groundwater of the area. The water moves down into the ground because of gravity, passing between particles of soil, sand, gravel, or rock until it reaches a depth where the ground is filled, or saturated, with water.
The concentration of waste materials in the landfill site had systematically polluted the soil and groundwater over time [1] . The effect of such pollution as determined from the study declined away from the polluting source. This implied that the contamination of the groundwater was more dependent on the proximity to the dump sites. Smaller dependence has been attributed to the influence of topography, type, state of waste disposal systems and, to some extent, hydrogeology of the area.
Groundwater pollution is mainly due to the process of industrialization and urbanization that has progressively developed over time without any regard for environmental consequences [2] . In recent times, the impact of leachate on groundwater and other water resources has attracted a lot of attention because of [3] . Groundwater protection is a major environmental issue. Open dumps are the oldest and most common way of disposing solid wastes, and although in recent years thousands of them have been closed, many are still being used [4] .
The frequently used municipal solid waste disposal methods include: composting, sanitary landfill, and pyrolysis, reuse recovery and recycling [5] .
[6] stated that excessive accumulation of heavy metals in agricultural soils through waste water irrigation, may not only result in soil contamination, but also lead to elevated heavy metal uptake by crops, and thus affect food quality and safety [7] . The pollution load index values indicated that the wastewater-irrigated soils were moderately enriched with Cr, Cu, Ni, Pb and Zn, and strongly enriched with Cd. Heavy metals are a potential human health concern when concentrations are at high levels in soils. Breathing dust coming from soil may also pose a health risk. Metals of concern are arsenic (As), cadmium (Cd), chromium (Cr), copper (Cu), lead (Pb), nickel (Ni), selenium (Se), and zinc (Zn).
The aims of this are to evaluate the impacts of Kabd solid waste landfill, that possible generates a permanent long-term source of pollution to the soil horizon and the groundwater, however to detect the role of groundwater flow direction on the movement of landfill pollutants and to develop appropriate scientific solutions to reduce the landfill impacts.
Materials and Methodology
The materials used in the present study include groundwater, surface and subsurface soil samples collected from the landfill site and neighboring areas. Location of the water wells and soil samples are shown in Figure 3 . 
Results and Discussions

Chemical Analyses of Groundwater
The results of the groundwater chemical analyses are presented in Table 1 
Chemical Analyses of Soil
The results of chemical analysis of 30 pairs of surface and subsurface soil samples are illustrated in Figure 7 and tabulated (profile-wise) with the WHO standard permissible values as shown in Table 2 .
The results indicate high concentration of heavy metals in soil samples than the WHO's standard values (Table 2 ). These high concentrations were recorded in both the surface and subsurface soil samples with a tendency to increase in the subsurface samples especially for Ni, Al and Fe.
To clarify the impact of the landfill on the groundwater contamination, particularly with heavy metals, a chart ( Figure 8 ) was constructed to compare the concentration and distribution of heavy metals in the surface, subsurface soils and the groundwater.
This chart shows that the concentration of Cd (Figure 8 depth of 5 -18 m, then covering the waste with sand but without compaction or any protection system [8] . Therefore, contamination of the groundwater is possible due to its close level at the bottom of the waste disposal site. On the contrary, in spite of the iron (Fe) concentration in the surface and subsurface soil samples exhibits was high and attains the same distribution pattern in the study area (Figure 9 ), the Fe concentration in the groundwater samples is very low (under the detecting limit < 0.1, Table 1 ). This reverse relationship may be attributed to the Fe dissolving habit, which depends on the amount of oxygen in the groundwater and, to a lesser extent, upon its degree of acidity [9] . Iron, for example, can occur in two forms: as Fe 2+ and as Fe 3+ . When levels of dissolved oxygen in groundwater are greater than 1 -2 mg/L, iron occurs as Fe 3+ , while at lower dissolved oxygen levels, the iron occurs as Fe 2+ . Although Fe 2+ is very soluble, Fe 3+ will not dissolve appreciably. If the groundwater is oxygen poor, iron (and manganese) will dissolve more readily, particularly if the pH of the water is on the low side (slightly more acidic). Dissolved oxygen content is typically low in deep aquifers, particularly if the aquifer contains organic matter. Decomposition of the organic matter depletes the oxygen in the water and the iron dissolves as Fe 2+ . Under these conditions, the dissolved iron is often accompanied by dissolved manganese or hydrogen sulfide. When this water is reached to the surface, the dissolved iron reacts with the atmospheric oxygen, changes to Fe 3+ (i.e., is oxidized) and forms rust-colored iron minerals [9] . Accordingly, the amount of dissolved iron in groundwater may vary seasonally for a given well. Usually this is associated with an influx of oxygenated water from the surface during periods of high recharge. This oxygenated water will prevent the iron from dissolving and the water pumped from the well will have low concentrations of these metals. After consuming the oxygen in, iron will again be dissolved and the water will have dissolved iron characteristics.
Conclusions
The Interpretation of the results, in the context of the surface and subsurface geo- 
